A rapid, simple and sensitive spectrophotometric method for the determination of trace amounts of chromium is studied. The method is based on the interaction of chromium with indigo carmine dye in acidic medium and the presence of oxalates as a catalyst for interaction, and after studying the absorption spectrum of the solution resulting observed decrease in the intensity of the absorption. As happened (Bleaching) for color dye, this palace and directly proportional to the chromium (VI) amount was measured intensity of the absorption versus solution was figurehead at a wavelength of 610 nm. A plot of absorbance with chromium (VI) concentration gives a straight line indicating that Beer's law has been obeyed over the range of 0.5 -70 µg /25 ml, i.e., 0.02-2.8 ppm with a molar absorptivity of chromium (VI) 1.71 10 4 l.mol -1 .cm -1 , Sandell's sensitivity index of 0.0030 µg.cm -2 .The detection limit of chromium was (DL) 0.0012 µg.mL -1 and a relative standard deviation of  (0.70 -1.86)% depended on the concentration level. The method is developed for the determination of chromium(III) and has been successfully applied to the determination of chromium in various water samples, Pharmaceutical preparations ,standard rock sample of (MRG-1).
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Introduction:
Chromium is a chemical element with symbol Cr and atomic number 24. It is the first element in Group 6. It is a steely-gray, lustrous, hard and brittle metal [1] which takes a high polish, resists tarnishing, and has a high melting point [2] . Chromium was discovered (1797) by the French chemist NicolasLouis Vauquelin and isolated as the metal a year later; it was named for its multicolored compounds [1] . The green color of emerald, serpentine, and chrome mica and the red color of ruby are due to small amounts of chromium . The name of the element is derived from the Greek word, chrōma, meaning color, because many of its compounds are intensely colored [2] . Chromium occurs naturally in the earth crust, but its extensive use in various industrial processes and products has led to widespread chromium contamination in the environment [3] . In the nature chromium occurs mainly in the Open Access oxidation states (III) and (VI). The Cr (III) is essential for plants and animals at trace concentrations, whereas Cr (VI) is considered to be a more toxic form because of its high oxidizing potential [4] . Chromium (VI) is known to be a highly toxic metal and one of sources that drives to many cancer diseases namely, cancer of lung, oesophagus, and liver [5] . Due to sever toxicity of Cr (VI), WHO and USEPA have set the guideline for drinking water with upper limit of 50 μg L -1 [6], whereas the agency for toxic substances and diseases registry (ATSDR) classifies Cr (VI) as the top eighteenth hazardous substance and the Minimal National Standards (MINAS) upper limit of Chromium in industrial wastewater is of 100 μg L -1 [7] .Therefore adsorptions to studied remove hexavalent chromium from aqueous solutions. Adsorption process on bentonite clay as adsorbent was used for Cr(VI) different concentration at different temperatures for different periods of time [8] . Chromium is an essential nutritional trace element that improves the body's responses to the hormone insulin, which is essential for blood sugar control. Insulin is an important hormone for controlling blood sugar levels as well as for metabolizing fats and proteins in the body [9] .
Many spectrophotometric methods for determination of chromium have been reported with some chromogenic reagents such as , Toluidine Blue and Safranine O [10] , Variamine blue [11] , Xylene cyanol FF [12] , Saccharin [13] and Methylene Blue [14] .
There are many sensitive techn-iques for chromium determination, such as spectrophotometric U.V-Vis [15] , spectrophotometry [10] [11] [12] [13] [14] [15] [16] , X-ray absorption spectroscopy [17] , flowinjection [18] [29] , Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) [30] , Electro thermal Atomic Absorption Spectrometry (ET-AAS) [31] , Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) [32] and fluorometry [33] . To measure the species of the chromium from the preconcentration sample, it requires an optimum simple, safe, inexpensive and short time method.
In the present investigation a facile sensitive and selective method has been reported for the determination of chromium with a new reagent indigo carmine, based on the interaction of chromium with indigo carmine dye in acidic medium and the presence of oxalate as a catalyst for interaction formation, the method has been successfully employed for the determination of chromium in various water samples, pharmaceutical preparations and standard rock sample of (MRG-1).
Materials and Methods: Apparatus
Spectral and absorbance measurements are carried out using Cecil EE 1021 1000 SERIES using 1-cm plastic cells. The pH measurements are carried out using Philips PW 9420 pH meter. Reagents All chemicals used are of the highest purity available.
Stock. Chromium(VI) solution (1000 g/ml): The solution is prepared by dissolving 0.2829 g of K 2 Cr 2 O 7 and diluting to the mark with distilled water in 100 ml volumetric flask. (Fluka ).
Working Chromium(VI) solution (100 g/ml): This solution is prepared by diluting 10 ml of the stock solution to 100 ml with distilled water in a volumetric flask .
Working Chromium(VI) solution (20 g/ml): This solution is prepared by diluting 20 ml of the working solution to 100 ml with distilled water in a volumetric flask.
Stock .Chromium(III) solution (1000 g/ml): The solution is prepared by dissolving 0.2829 g of K 2 Cr 2 O 7 in 50 mL of water, added 1 mL saturated sodium sulfite solution, acidified with 1 mL 2.5 M sulfuric acid, and then boiled for 2 minutes to remove excess SO 2 and diluted with water to 100 ml. Suitable volume of this solution was diluted to obtain the working standard [10] . 
Results and Discussion: Preliminary investigations
In the present study, a new catalytic spectrophotometric method for the determination of chromium (VI) is proposed, 20 g of chromium are taken and final volumes are 25ml.The method is based on the catalytic effect of chromium (VI) on the oxidation of Indigo carmine (IC) by sodium oxalate as an activator in the presence of acidic medium. The reaction was followed spectrophotom-etrically at 610 nm: The absorbance measurements are carried out by replacing the sample and blank cells places in the instrument in an opposite manner as the usual measurements are done to get an increase in absorbance values with increasing bleaching process of IC color (increasing Cr (VI) amounts).
Study of the experimental conditions :
The Spectrophotometric properties of the colored solution as well as the different experimental parameters affecting oxide-tion of IC with Cr (VI) has carefully been studied and optimized .
Effect of Acids
Only acid medium can achieve oxidation of IC with Cr (VI) useful analytical properties. Therefore, different amounts(0.5-5 ml) of 2M solutions of various acids (HCl , H 2 SO 4 , H 3 PO 4 , CH 3 COOH and HCOOH ) have been tried with solutions containing 20 µg Cr (VI), 1 ml of (110 -3 M) IC, and 2ml sodium oxalate solution 0.1 M and the volume is completed to 25ml with distilled water in a volumetric flask.
The absorbances are measured against the reagent blank 610 nm .The results that 2ml of 2M sulfuric acid solution is considered optimum, as it gives the maximum absorbance and more stable reaction .
The effect of oxalate
Oxalate usually served as a promoting activator or catalyst in the oxidation system of chromium (VI) [34] .The effect of different volumes of 0.1 M sodium oxalate on the oxidation of IC with Cr (VI) has next been studied. The experimental results showed that 3ml of sodium oxalate was optimum. 
The effect of amount of IC dye:
Different volumes of 110 -3 M indigo carmine solution are added to (5-50) µg of chromium while other conditions being kept constant. A 1.5 ml of the reagent solution has been found to be optimum volume since the linearity (correlation coefficient) is good and the sensitivity of the color reaction is fair.
Effect of Surfactants
The effect of the presence of (2ml) of cationic (CPC: Cetyl pyridinium chloride and CTAB: Cetyl trimethyl ammonium bromide) anionic,(SDS: Sodium dodecyl sulphate) and non-ionic (Triton X-100: iso-octyl phenoxy ethanol) are tested for this purpose. The experimental data reveal that the presence of surfactants gives no useful effect. Therefore, it has been recommended to eliminate the use of surfactants in the subsequent experiments.
Order of Addition
The order of addition of solution is examined and the results are shown in Table( 1). From the results above, order I has been used for subsequent experiment, due to higher sensitivity.
The Effect of Time
A study of the time effect on the absorbance of the final reaction mixture shows that the maximum absorbance is obtained immediately and remains stable for at least 2 hours.
Effect of Masking Agents
The presence of NaF, EDTA, 5-sulphosalicylic acid and tartaric acid in the reaction mixture is essential because they increase the selectivity of the method by masking cations from their reactions with IC. Other complexions such as EGTA, CDTA, NTA and Citric acid decrease the absorbance owing to their complexing action with chromium. The results are shown in Table( 2). Therefore, a composite masking solution has been prepared containing from 0.01 M ( tartaric acid 5-SSA , NaF, EDTA) on the acidic function when using pH 1.4 .The effect of composite complexing solution on the absorbance of colored complex is examined. As a result, a composite mixture containing 0.01M of NaF, EDTA, 5-sulphosalicylic acid and tartaric acid has been prepared). The effect of different volumes 0.5 -5 ml of the composite mixture is tested [35] .
The results indicate that 2ml of composite complexing solution is desired because of the highest intensity.
Final Absorption Spectra
When a dilute solution of chromium, under the above established conditions is treated with IC solution in the presence of oxalate solution in acidic medium an oxidation-reduction reaction is achieved which leads to the bleaching in IC color immediately. The absorption spectra is shown in Figure ( 2) during maximum absorbance, corresponding to the blue colored IC dye exhibits maximum absorbance at 610 nm. 
Accuracy and Precision of the Method
To check the accuracy and precision of the calibration curve, Chromium(VI) is determined at three concentrations (five times). The results are shown in Table ( 3) and indicate that the proposed method is satisfactory. 
Determination of chromium(III)
Sample aliquots containing 0.5-90 µg of chromium(III) solution are placed into 25 ml volumetric flasks.. A volume of 0.5 ml saturated bromine water solution and 0.5 mL of 4 M KOH solution were added to each flask and allowed to stand for 5 minutes. Then 0.5 ml of 2.5 M sulfuric acid and 0.5 ml of 5 % sulfosalicylic acid were added and then the above procedure for chromium (VI) was followed.
Nature of the reaction of Chromium (VI) and IC:
The stoichiometry of the reaction has been studied by both Job's method of continuous variations and molar-ratio method [37] . The obtained results showed that the ratio of chromium (VI) to IC is (2:3). The probable mechanism of the reaction may be according to the following:
Mechanism of the reaction chromium (VI) with indigo carmine
Effect of Interferences
The influence of diverse ions on the determination of chromium is examined (in the absence of masking agents) under the conditions of standard procedure. The diverse ions are added, individually, to solutions containing 20µg of Cr(VI). The results are summarized in Table ( Table ( 5) shows that there is an improvement in the selectivity of the method using the composite mixture containing the masking agent. The effect of foreign compounds that may be present in dosage form was also studied by adding different amounts of foreign substances to 20µg Cr /25 ml. It was observed that studied foreign species did not interfere in the present method, Table ( 6). 
Application of the Method
The present proposed method has been applied to the determination of chromium in various samples and which are listed below:
I. Determination of chromium in waters:
Chromium has been assayed in tap water, Tigris River water, Mediterranean Sea water in Turkey and well water by the present method and the average recoveries of (10-40)µg Cr(VI) / (1-7) ml of waters are 99.5% , 99.8%, 100.2% and 100.4%, respectively. [38] :
II. Determination of chromium in geological reference sample (MRG -1)
A known amount (1g) of air dried soil sample, spiked with known amounts of chromium(VI) was taken and then fused with 5 g anhydrous sodium carbonate in a silica crucible and evaporated to dryness after the addition of 25 mL of water. The dried material was dissolved in water, filtered through whatman No. 40 filter paper into 25 mL calibrated flask and neutralized with dilute ammonia. It was then diluted to a known volume with water. An aliquot of this sample solution was analyzed for chromium(VI).Solutions were also analyzed according to the standard diphenylcarbazide method [39] .The recovery is found to be 98.5% , while by the standard method the recovery is 98.1% which indicate that this method is reliable for application.
III. Determination of chromium(III) in Pharmaceutical Samples:
Samples of the finely ground multivitamin -multimineral tablets (Diabetone Vitabiotics.com., London, England. ; 21st Century HealthCare, Inc. USA ) containing chromium(III) were treated with 5 mL of nitric acid and the mixtures were evaporated to dryness. The residue was leached with 5 mL of 0.5 M H 2 SO 4 . The solution was diluted to a known volume with water. Suitable aliquots of the sample solution were analyzed according to the procedure for chromium(III). The results are listed in Table(7) . A relatively good accuracy is shown for determining chromium in Pharmaceutical Samples. The above results reveal that the method is suitable for determining chromium in the above sample with satisfactory recovery. Both the present method and the literature method [39] have been applied at the same time to t-test and Ftest [40] and the value compared with the statistical tables for eight degrees of freedom at 95% validation level. The results in Table ( 8) show that there is no real difference between the two methods. Table ( 9) shows the comparison between some of the analytical variables for the present method with that of other spectrophotometric methods. 
Comparison of Methods
Conclusion:
The proposed spectrophotometric method is simple, rapid, sensitive and has a low cost. It does not involve solvent extraction steps and gives accurate and precise results. The method has been successfully applied to the determination of chromium in various waters, Pharmaceutical preparations and standard rock sample of (MRG-1).
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